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Abstract

Background

Atrial Fibrillation After Cardiac Surgery (AFACS) occurs in about one in three patients follow-
ing Coronary Artery Bypass Grafting (CABG). It is associated with increased short- and
long-term morbidity, mortality and costs. To reduce AFACS incidence, efforts are often
made to maintain serum potassium in the high-normal range (> 4.5mEg/L). However, there
is no evidence that this strategy is efficacious. Furthermore, the approach is costly, often
unpleasant for patients, and risks causing harm. We describe the protocol of a planned ran-
domized non-inferiority trial to investigate the impact of intervening to maintain serum potas-
sium > 3.6 mEqg/L vs > 4.5 mEg/L on incidence of new-onset AFACS after isolated elective
CABG.

Methods

Patients undergoing isolated CABG at sites in the UK and Germany will be recruited, ran-
domized 1:1 and stratified by site to protocols maintaining serum potassium at either > 3.6
mEg/L or > 4.5 mEq/L. Participants will not be blind to treatment allocation. The primary
endpoint is AFACS, defined as an episode of atrial fibrillation, flutter or tachycardia lasting >
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30 seconds until hour 120 after surgery, which is both clinically detected and electrocardio-
graphically confirmed.

Assuming a 35% incidence of AFACS in the ‘tight control group’, and allowing for a 10%
loss to follow-up, 1684 participants are required to provide 90% certainty that the upper limit
of a one-sided 97.5% confidence interval (Cl) will exclude a > 10% difference in favour of
tight potassium control. Secondary endpoints include mortality, use of hospital resources
and incidence of dysrhythmias not meeting the primary endpoint (detected using continuous
heart rhythm monitoring).

Discussion

The Tight K Trial will assess whether a protocol to maintain serum potassium > 3.6 mEqg/L
is non inferior to maintaining serum potassium > 4.5 mEg/L in preventing new-onset
AFACS after isolated CABG.

Trial registration

ClinicalTrials.gov Identifier: NCT04053816. Registered on 13 August 2019. Last update 7
January 2021.

Introduction

At least one in three patients is affected by atrial fibrillation after cardiac surgery (AFACS). It
occurs most commonly on postoperative day two or three whilst most episodes occur within
the first five postoperative days [1-3]. AFACS occurrence is associated with increases in mor-
bidity, long-term risk of stroke [4], short and long-term mortality [2,5-7], intensive care unit
(ICU) and hospital stay [8,9] and cost of care [8,10]. These associations persist after adjustment
for potential confounding factors, implying a causal relationship [11]. Age is a dominant risk
factor for all forms of AF and as the surgical population ages, the incidence, prevalence and
healthcare impacts of AFACS are expected to increase [12].

Many of the risk factors for AFACS are the same as those for atrial fibrillation (AF) as a pri-
mary diagnosis in the general population [1,2,8]. Because many (such as age) are not modifi-
able, it is not known to what extent AFACS can be prevented [13]. A number of preventative
strategies have been utilized but, overall, evidence to support them remains limited [14].

Potassium plays an important role in cardiac electrophysiology [15]. Serum potassium con-
centrations ([K+]) appear marginally lower in those suffering atrial dysrhythmias in non-sur-
gical cohorts [16] and [K+] is commonly low following cardiac surgery [17]. It is therefore
‘routine practice’ in many centres across the world to try to prevent AFACS by maintaining [K
+] in the ’high-normal’ range (> 4.5 mEq/L), as opposed to just intervening if potassium drops
below its lower ‘normal’ threshold (< 3.6 mEq/L) [18,19]). However, many centres do not
undertake this practice and there is large regional variation, suggesting that there is equipoise
as to whether this strategy is effective [18,19].

Furthermore, potassium supplementation is not a benign intervention. Routine central
venous potassium administration in the early post-operative period, when oral supplementa-
tion is not possible, is problematic. Intravenous (IV) potassium replacement requires addi-
tional fluid administration; central venous catheters which are left in situ for the sole purpose
of potassium replacement increase infection risk; and rapid infusion can prove fatal [20].
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Although individual doses of IV potassium are cheap, the annual costs of intravenous potas-
sium exceed those for other drugs in many cardiothoracic units due to the quantities adminis-
tered [21]. Nursing time (e.g. for drug checks and administration which often include more
than one staft member) will further add to this cost and could limit other nursing activity. Gas-
trointestinal side effects, which are poorly tolerated by patients, are common after oral potas-
sium supplementation. The benefits of such practice remain unproven.

Thus, routine maintenance of serum [K+] > 4.5 mEq/L is a costly and potentially hazard-
ous intervention, the efficacy of which remains to be proven in a trial with appropriate meth-
odology and power. In a pilot study for this trial, we demonstrated that it was feasible to
recruit and randomize patients to two different potassium supplementation protocols target-
ing [K+] > 4.5 mEq/L (‘tight control’) and > 3.6 mEq/L (‘relaxed control’) [22]. In the tight
control group, 80 out of 81 patients (98.8%) had at least one measurement below 4.5 mEq/L
and required potassium supplementation (unpublished data). In both arms, 45.5% of all [K+]
measurements were < 4.5mEq/L at some point within the first 5 postoperative days. The pilot
study demonstrated that it was possible to implement the different protocols with statistically
significant differences in serum [K+] between the two arms. Fewer doses of potassium were
given in the relaxed control group; a median of one supplementation was given in the relaxed
control group whereas the median number of supplementations in the tight control group was
SixX.

Based on this demonstration of feasibility, we will perform the first appropriately powered
non-inferiority multicentre randomized trial to compare the incidence of new onset AFACS
with ’relaxed’ vs ‘tight’ potassium supplementation. The findings will have important conse-
quences for patients and clinicians, regardless of whether or not less aggressive potassium sup-
plementation is found to be non-inferior for the prevention of AFACS.

Methods
Aim
The aim is to determine whether a strategy of maintaining serum [K+] > 3.6 mEq/L

(‘relaxed’ control) is non-inferior to usual treatment (target [K+] > 4.5 mEq/L: ‘tight’ con-
trol) in preventing new onset AFACS after isolated coronary artery bypass graft (CABG)

surgery.

Hypothesis

New onset AFACS will be no more common (based on a non-inferiority margin of 10%) after
CABG surgery when efforts are made to maintain serum [K+] > PG/16/15/320503.6 mEq/L as
opposed to > 4.5 mEq/L.

Setting

Twenty-three cardiac surgical centres in the United Kingdom and Germany (see Supplemen-
tary Material for a list of recruiting centres).

Participants

A total of 1684 participants, with approximately 842 in each trial arm.

Trial population

Adults (aged > 18 years) scheduled to have elective isolated CABG surgery and both capable
and willing to provide informed consent. Isolated CABG surgery is defined as CABG surgery
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without any additional cardiac or vascular procedure during the same operation. The harvest-
ing of veins or arteries (e.g. internal mammary artery or radial artery) for the purposes of graft-
ing is part of an isolated CABG procedure and not a barrier to inclusion.

Excluded will be those with, or with a history of: Atrial Fibrillation, Atrial Flutter and/or
Atrial Tachyarrhythmia, or pre-operative high-degree atrioventricular (AV) block (defined as
Mobitz type 2 second degree AV block or complete heart block); with a pre-operative serum
[K*] greater than 5.5 mEq/L; with dialysis-dependent end-stage renal failure; or those who are
current or previous users of medication for the purposes of cardiac rhythm management. Also
excluded will be those patients enrolled in another clinical study assessing post-operative inter-
ventions aimed at modifying cardiac rhythm abnormalities. Co-enrolment with observational
studies will be permitted, and for other interventional trials will be assessed by the Trial Man-
agement Group (TMG) on a case-by-case basis.

Power calculations and sample size determination

The sample size calculation is based on a 35% incidence of new onset AFACS, a figure derived
from previous large studies and is at the lower end of the published data [1,8,23]. In the pilot
study for this trial, which used a similar protocol, new onset AFACS incidence was 36.9%
(95% confidence interval 29.1-44.9).

The co-applicants (from diverse backgrounds in cardiac peri-operative medicine, intensive
care medicine, cardiovascular nursing, cardiac surgery, cardiology, statistics, clinical trial man-
agement with patient and public involvement) reached consensus that a clinically relevant
non-inferiority margin is 10%. Assuming a 35% and 37% AFACS incidence in the tight and
relaxed groups respectively, 1514 participants are required to be 90% certain that the upper
limit of a one-sided 97.5% CI (or equivalently a 95% two-sided CI) will exclude a difference in
favour of tight potassium control of more than 10%. Allowing for a 10% loss to follow-up
means that 1684 participants should be recruited.

The SPIRIT schedule of trial enrolment, interventions and assessments is shown in Fig 1.

Informed consent procedure

Eligible participants will be given a copy of the patient information sheet (PIS) at a pre-opera-
tive hospital appointment or upon hospital admission prior to surgery, at which time a dele-
gated member of the research team will be available to discuss the trial and to answer patient
questions. Prior to their scheduled hospital appointment, research staff will be allowed to
approach patients via post, telephone or email to discuss the study.

It is recommended that patients will be allowed 24 hours to consider whether or not to take
part in the study. However, if patients are willing, written consent will be obtained and is per-
mitted at any time prior to surgery. The Consent Form is shown in the Appendix.

Randomization

Opverall, 1684 consented participants will be allocated in a 1:1 ratio using an online tool
(https://sealedenvelope.com/) to target either tight (K™ > 4.5mMol/L) or relaxed (K™ >
3.6mMol/l) potassium control. Patients will be randomized and allocated to their treatment
groups on the day of surgery by the local research team. The allocation will be stratified by site.

Trial treatment period

A flowchart of the trial treatment intervention process is shown in Fig 2. The trial treatment
intervention period will commence when the patient is admitted to ICU or any other post-
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Before | Day of ICU Stay / Post-operative care Facility Discharge | Follow-
Surgery | Surgery (commences on admission to the unit) up
Period 1 | Period 2 | Period 3 Period 4 | Period 5
0-24 24-48 48-72 72-96 96-120 6
hrs hrs hrs hrs hrs months
ENROLLMENT |
Review of
e Pl X
eligibility criteria
Consent X
Randomisation X
INTERVENTION
Tight K* X X X X X
Control
Relaxed K* X X X X X
Control
assessMENTs |
Baseline X
EQ-5D-5L X X
o X X .4 X X X
investigations*
Holter Monitoring X X X X X
Clinical events X X X X X X X
Safety monitoring X X X X X X X

Fig 1. SPIRIT schedule of trial enrolment, interventions and assessments [24]. * Data recorded, but collected as part of standard care.

https://doi.org/10.1371/journal.pone.0296525.9001

operative care facility after surgery, according to local practice. It will end 120 hours (5 days)
after that time point, or with occurrence of a clinically identified episode of AFACS (see fol-
lowing)—whichever occurs first. Patients for whom surgery took place, but who did not
undergo an isolated CABG, will be treated according to local standard of care; these patients
will be followed up as normal with all data collected as per the full trial treatment period,
including Holter monitor analysis and completion of the 6-month follow-up visit.

Interventions

Participants randomized to 'Relaxed Control’ will receive K™ supplementation only if their
serum [K'] drops below 3.6mEq/L. Patients randomized to "Tight Control’ will receive K™ sup-
plementation only if their serum [K*] falls below 4.5 mEq/L (current practice). Once a partici-
pant has a site-reported episode of AFACS, there will be no restriction on potassium
supplementation and the participant should be treated according to local practice. Inpatient
data collection will continue until hour 120 after admission to ICU/post-operative care facility
or discharge from hospital, whichever is shorter.

The frequency of [K+] monitoring will be according to local protocols, clinician/nursing
staff preference and clinical need. The route of administration for all potassium replacement
will be according to clinician preference and according to existing standardized protocols, and
may include intravenous (IV) or oral potassium formulation, administration of potassium-
rich nasogastric feeding regimens, recommending the consumption of potassium-rich foods
or avoidance of potassium losing drugs. Blinding patients and clinical staff to the treatment
allocation post randomisation is not feasible.
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Meets eligibility criteria

!

Information provided to
patient

!

[ Informed consent

!

[ Randomisation 1:1 1684 patients ]
|

)
J

Ineligible or refused
patients, record on
screening log

+

Randomised to
Relaxed control

Not isolated CABG
Patient is withdrawn
from trial treatment. All
data are collected.

Relaxed control:
Post-op K+ maintained
23.6 mEq/L for 5 days

with routine clinical
and Holter monitoring

[ Follow up 6 months post-CABG ]

Fig 2. Flowchart of the study protocol. CABG: Coronary artery bypass grafting; AFACS: Atrial fibrillation after
cardiac surgery; K+: Serum potassium level.

https://doi.org/10.1371/journal.pone.0296525.9002
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All other treatments, including IV magnesium, beta-blockers or anti-dysrhythmic agents
for the management of cardiac rhythm, will be given according to standard clinical care and
clinician preference.

An external heart rhythm monitor (‘Holter’) will be applied just before (or as soon as possi-
ble after) the patient enters the ICU / post-operative care facility and the time or application
will be documented. Monitoring will continue until hour 120 (5 days) or discharge from hos-
pital, whichever is sooner whether or not site-reported AFACS occurs. However, if the Holter
monitor is removed after a site-reported period of AFACS (e.g. for cardioversion), it need not
be replaced.

Data

At recruitment, demographic data, medical history and relevant medication will be docu-
mented, as will CHA,D,VASC score (a risk score for thromboembolic risk with atrial fibrilla-
tion) [25] and EUROSCORE?2 (a risk score for mortality following cardiac surgery) [26].

During the intervention period, data related to adverse events attributed to K+ replacement
will be recorded, including gastrointestinal symptoms from oral K+ replacement, the need for
temporary cardiac pacing and duration of central venous cannulation.

Additional staff time for delivering potassium will be recorded, informed by expert clinical
view. Detailed information will be collected on the resource use associated with delivering
each protocol, including the total number of replacement K+ interventions and the number of
tests for monitoring potassium levels.

At hospital discharge, data relating to relevant medication given during hospital stay will be
collated, including whether anticoagulation was commenced for AFACS. Length of ICU and
hospital stay will be recorded.

Anonymised Holter data will be extracted and analysed (blind to participant allocation and
after the trial treatment period has ended) by the core laboratory group based at Wythenshawe
Hospital, Manchester University NHS Foundation Trust, United Kingdom. Data therefore
cannot be used to guide patient management in real time. Dysrhythmia episodes (as defined
above) will be identified and their number / durations will be recorded.

Follow-up

All surviving participants will be followed up (in person, via a telephone call, email or post) 6
months after surgery (+/- 1 month), or 6 months (+/- 1 month) after randomisation if surgery
did not proceed. An EQ-5D-5L (a self-assessed, health-related, quality of life) questionnaire
will be completed by the patient at this time. Participants will be asked to provide information
about further episodes of AFACS, other heart rhythm problems and stroke after their hospital
discharge, if known.

Participants will also be followed up remotely via NHS Digital or via Public Health Scotland
to identify any hospitalisations for AFACS between discharge and 6 months post-surgery.

End of trial
The trial will conclude with the last follow-up of the last participant.

Definitions

AFACS will be defined as an episode of atrial fibrillation, flutter or tachyarrhythmia. The
minimum duration of documented uninterrupted atrial fibrillation, flutter or
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tachyarrhythmia required to establish the diagnosis of AFACS is at least 30 seconds, or an
entire 12-lead ECG [27].

Episodes lasting <30 seconds will not be counted for the purposes of the primary or sec-
ondary endpoints.

It can be challenging to discriminate between atrial fibrillation, atrial flutter and atrial
tachyarrhythmias on electrocardiographic grounds alone and the treatment in the post-opera-
tive clinical setting is typically the same. For the purposes of this study, they will thus be catego-
rized together and referred to as AFACS.

Local guidelines will be used to diagnose any of the three contributing atrial dysrhythmias.

ECG criteria for atrial fibrillation are [28]:

1. Absolutely irregular RR intervals in the absence of complete AV block
2. No distinct P waves on the surface ECG
3. An atrial cycle length (when visible) that is usually variable and which is less than 200ms.

Atrial flutter refers to a regular tachycardia with atrial rate > 240 beats per minute lacking
an isoelectric baseline between deflections. A characteristic ECG ‘sawtooth’ pattern in leads II,
III and/or aVF is common, although continuous undulation of the atrial complex without a
sawtooth appearance can sometimes be identified.

Atrial tachycardia is a regular atrial rhythm with a sudden onset / offset at a constant atrial
rate > 100 beats per minute, with an isoelectric baseline between deflections. The P-wave mor-
phology is different to that of sinus rhythm and the ventricular rate is usually regular.

Definition of Holter-Identified AFACS. Holter-Identified AFACS will be defined as an
episode of atrial fibrillation, flutter or tachyarrhythmia (as defined above) lasting > 30 seconds
that is detected on Holter monitoring. Episodes lasting < 30 seconds will not be counted for
the purposes of the secondary endpoints.

Definition of non-AFACS dysrhythmias. Non-AFACS supraventricular dysrhythmia
of > 30 seconds

Ventricular tachycardia/fibrillation (defined as more than 3 beats at > 100bpm)

Mobitz type 2 block (any duration)

Complete heart block (any duration)

Other ventricular pause > 3 seconds

Outcomes

Primary outcome

o The presence of new onset AFACS that is both clinically detected and electrocardiographi-
cally confirmed (on either electrocardiogram (ECG), telemetry or Holter monitoring) until
hour 120 after admission to ICU/post-operative care facility or discharge from hospital,
whichever occurs first

Secondary outcomes

o The incidence of new onset AFACS detected on Holter monitor until hour 120 after initial
admission to ICU/post-operative care facility or discharge from hospital, whichever occurs
first

o The incidence of at least one episode of AFACS (clinically identified) or Holter-identified
AFACS (where none identified clinically) until the end of hour 120 after initial admission to
ICU/post-operative care facility or discharge from hospital, whichever occurs first
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o The number of patients experiencing at least one episode of a non-AFACS arrhythmia, iden-
tified on Holter monitors until hour 120 after initial admission to ICU/post-operative care
facility or discharge from hospital, whichever occurs first

« In-patient mortality

« 6-month mortality

« Length of stay on ICU, a coronary care unit or fast-track post-operative ward facility
« Hospital length of stay

o Costs relating to purchasing and administering potassium therapy

o Quality of life at 6 months

Adjudication of primary outcome

The primary outcome will be independently adjudicated and validated using a hierarchy
approach to validate the primary outcome by an Event Validation Committee (EVC). The aim
is to address any concerns of bias in reporting the primary outcome and to ensure that when
the trial results are published, the results will be considered robust.

The premise of the hierarchy approach is that site-reported AFACS is adjudicated against
the best-available evidence (see flowchart, Fig 3).

Category I evidence: An ECG/telemetry/rhythm strip printout provided by the site:

If the ECG/rhythm strip is readable and confirms an uninterrupted episode of atrial fibrilla-
tion, atrial flutter or atrial tachyarrhythmia, the event will be classified as “Confirmed
AFACS”

If the ECG/rhythm strip is readable but there is no evidence of an uninterrupted episode of
atrial fibrillation, atrial flutter or atrial tachyarrhythmia, then proceed to reviewing Category
IT evidence.

If the ECG/rhythm strip is not available or not readable or if evidence of an uninterrupted
episode of atrial fibrillation, atrial flutter or atrial tachyarrhythmia is inconclusive, then pro-
ceed to reviewing Category II evidence.

Category II evidence: Holter monitor data collected for that participant

If an episode of atrial fibrillation, atrial flutter or atrial tachyarrhythmia lasting > 30 seconds
is recorded on the Holter monitor, then the event will be classified as “Confirmed AFACS”

If Holter data are not available, or there is insufficient data due to gaps in the recording, or
the data is of insufficient quality, then proceed to reviewing Category III evidence

If Holter data are of adequate quality and cover the full period of 120 hours (or up to dis-
charge if sooner), and an uninterrupted episode of atrial fibrillation, atrial flutter or atrial
tachyarrhythmia lasting > 30 seconds is not recorded on the Holter monitor, then the event
will be classified as “No AFACS”.

Category III evidence: Supporting evidence in hospital notes and in the electronic case
record form (eCRF)

« The committee will review circumstantial supporting evidence from the eCRF, such as
administration of amiodarone or DC/chemical cardioversion, alongside patient notes. Based
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EVC review ECG/rhythm strip printout

{ 1

Site reported AFACS
i . y

ECG confirms site ‘ i . ECG e - ECG is readable but
reported AFACS ava||§blg/|nsuﬁ|C|§nt does not support site
I quallty/fnconcluswe reported AFACS
evidence \ )
Confirmed AFACS : E

EVC review Holter data

! : 1 e
‘ ) Holter data of

Holter data not ‘

available/insufficient ‘

data/inadequate |

quality ‘

adequate quality and
covers 120 hrs and do
not support site

Holter data confirm
site reported AFACS
reported AFACS

\ l [

Confirmed AFACS m
EVC review hospital notes

and eCRF data

I : 1
No hospital Y i

notes/insufficient Sufficient information

evidence to support havaﬂz_a(lj)le Bas:d ECC
\site reported AFACS t egw gnge,t »
=g = will adjudicate as:

Probable AFACS = *li &
Confirmed AFACS No AFACS

Fig 3. Arbitration flowchart for determining if primary endpoint was met after site reported atrial fibrillation
after cardiac surgery (AFACS).

https://doi.org/10.1371/journal.pone.0296525.g003

on the level of evidence available, it will decide whether the event can be classified as either
“Confirmed AFACS” or “No AFACS”

o If no hospital notes are available or there is insufficient evidence to confirm or refute the
presence of AFACS, the event will be classified as “Probable AFACS”

The intention is that initially Category I and Category II evidence will be sent to the EVC,
and only if necessary, will category III evidence be collected from the sites and sent to the EVC
at a later stage. The committee members will be blinded to treatment allocation.

Statistical analysis

Statistical analysis will be performed by statisticians based at the London School of Hygiene
and Tropical Medicine’s Clinical Trials Unit (LSHTM CTU). Outcome analysis will be blind
to treatment allocation. A formal statistical analysis plan (SAP) will be published before data
lock. In brief, baseline characteristics of enrolled participants will be summarized by treatment
arm. Descriptive statistics for continuous variables will include mean, standard deviation,
median, range and number of observations. Categorical variables will be summarized as
counts and proportions. Screening, enrolment, reasons for non-enrolment, randomisation
and loss to follow-up will be detailed in a CONSORT flowchart [29].
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The primary and secondary efficacy outcome analysis will be carried out using all rando-
mised participants assigned a randomisation number who underwent isolated CABG surgery,
excluding patients who did not undergo isolated CABG. An analysis on a per-protocol popula-
tion will also be carried out excluding participants not completing a protocol-adherent course
of treatment.

All participants assigned a randomisation number will be considered for the ITT safety
analysis. This will include some participants who will have been excluded from the efficacy
analysis population.

The primary analysis will be unadjusted and carried out using the efficacy population.

For the primary outcome (presence of new onset AFACS up to the end of hour 120 after
admission to ICU/post-operative care facility or discharge from hospital), we will use a one-
sided 97.5% confidence interval approach to test for non-inferiority between the two treat-
ments. The one-sided 97.5% CI for the between group difference point estimate will be calcu-
lated using a binomial regression model. Non-inferiority of the relaxed arm will be accepted
if the upper bound of the 97.5% CI lies within the pre-specified non-inferiority margin of
10%.

For secondary outcomes, the analysis will be based on tests for superiority comparing the
two arms of the trial using two-sided tests at the 5% level of significance. Logistic regression
models will be used for analysis of mortality, and linear regression models will be used to ana-
lyse lengths of stay, costs and quality of life scores.

An analysis will also be performed which is adjusted for the stratification factor (site) and
any other adjustment factors pre-specified in the SAP. Additional exploratory analyses will
control for any baseline measures that appear to be imbalanced between arms. All subgroup
analyses will be specified a priori in the SAP and performed using formal tests for interaction
included in the statistical models and assessed for statistical significance using Likelihood ratio
tests.

No datasets were analysed during the current study for this manuscript. All relevant data
from this study will be made available upon study completion.

Trial Governance

Participant data will be kept confidential and managed in accordance with the Data Protection
Act, NHS Caldicott principles, The Research Governance Framework for Health and Social
Care, and the conditions of Research Ethics Committee Approval.

Participants may withdraw from the trial at any time without prejudice to their future care
and will undergo standard clinical care. Participants who withdraw from the trial after dis-
charge from hospital will be followed up as per standard clinical care by the local clinical team.
Participants will be encouraged to allow data that have been collected before withdrawal to be
used in the analyses. However, if consent to use already collected data is also withdrawn, then
these data will be discarded. There will be no further follow-up from the research team.

Barts NHS Trust, as Sponsor of this trial, will ensure that arrangements are in place to
record, notify, assess, report, analyse, and manage adverse events in order to comply with the
UK regulations of Medicines for Human Use (Clinical Trials) Regulations 2004. All sites
involved in the trial will be expected to inform the Chief Investigator of any unexpected serious
adverse events/reactions within 7 days so that appropriate safety reporting procedures can be
followed by the Sponsor. The Chief Investigator will be responsible for the prompt notification
of findings that could adversely affect the health of patients or impact on the conduct of the
trial. Notification of confirmed expected and related SAEs will be to the Sponsor, the Research
Ethics Committee and the Data and Safety Monitoring Committee (DSMC).
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Relevant trial documentation will be kept for a minimum of 15 years. Electronic data will
be stored in a fully audited data centre in the UK with appropriate certifications including ISO
27001:2005 (Information Security) and 9001:2008 (Quality Management).

The trial is registered with ClinicalTrials.gov, identifier: NCT04053816. We will follow the
Medical Research Council Guidelines on GCP in Clinical Trials. All investigators have been
trained in GCP. The study results will be reported according to the CONSORT guidelines.

The trial will be overseen by the Trial Steering Committee (TSC), including an independent
chair, public-patient representatives and at least two other independent members. The TSC
will meet periodically during the trial.

Local investigators will ensure that all trial data are available for trial-related monitoring,
and sponsor and regulatory authority audits. The sponsor also holds the right to monitor or
audit the study.

The DSMC will be independent of the investigators and of the TSC, but will report to the
TSC and (via the TSC) to the Sponsor. The DSMC will consist of an independent chair, a
senior statistician and at least one other senior clinician independent of the investigators. The
DSMC will meet prior to the start of the trial and monitor safety on an ongoing basis. They
will also monitor data for quality and completeness. This will be facilitated through the devel-
opment of a trial-specific database and an adverse-event database. Given that this is a non-infe-
riority trial no formal interim analyses are planned. Patient data will be kept confidential and
managed in accordance with the Data Protection Act (2018), NHS Caldicott principles, the
Research Governance Framework for Health and Social Care, and the conditions of Research
Ethics Committee Approval.

The trial will be directed by the chief investigator and a project management group which
will include the trial manager, data manager and trial statistician.

At the end of the study, the data will be analysed and reported in a peer reviewed journal
according to CONSORT standards [29]. The authors will ensure these data are publicly avail-
able, including to trial participants. The results will also be uploaded to the clinicaltrials.gov
database. After publication, the TSC will consider applications to share the anonymized dataset
with external researchers.

The SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and
related documents is shown in the Supplementary Materials.

Trial Protocol Version 1 and Version 3 (the most recent version) are included in the Sup-
plementary Materials.

Discussion

Atrial arrhythmias are common after CABG. Whilst postoperative serum potassium levels
have been associated with reduced AF risk after CABG [1], these data are retrospective and no
benefit of a specific potassium target can be inferred. The common practice of maintaining
high-normal serum [K+] is thus unproven in preventing such events. The Tight K Trial will
address the efficacy of this practice in a non-inferiority, individually randomized trial.

There is wide variation in how atrial fibrillation is defined in interventional studies, and the
reasons why a specific definition has been utilized is rarely adequately described [30]. In our
study, we will use a ‘real world definition’ of AFACS as the primary endpoint-the dysrhythmic
episode will need to be both clinically identified and subsequently confirmed by electrocar-
diographic documentation. The investigators have opted for an AFACS definition that is
aligned with the 2020 European Society of Cardiology guidelines for the diagnosis of atrial
fibrillation [27].
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Holter monitoring during the interventional period may assist with this. An arbitration
process will be used (Fig 3) that will adjudicate whether clinically-identified episodes of
AFACS have occurred, whilst still being respectful of the real-world nature of the trial. To our
knowledge, this is the first time that such a process has been deployed. This will address the
possible bias of over-reporting of AFACS. There is also potential for sites to under-report
AFACS. Missing a period of AFACS at a site may not be that uncommon and does not neces-
sarily lead to bias, unless it is unbalanced between the two arms.

In routine practice, episodes of atrial fibrillation, atrial flutter and atrial tachycardia can
overlap and be difficult to distinguish for healthcare staff who are not trained electrophysiolo-
gists. The three dysrhythmias also have similar clinical management pathways and risk of
thromboembolism. Including these three dysrhythmias in the primary endpoint is therefore a
pragmatic real-world solution to this problem. Standardisation of the definition of AFACS
and other dysrhythmias are needed in future to ensure that there is consistency across patient
populations in interventional studies [30].

Our pilot study helped inform the design of this definitive study. A protocol violation when
either (a) potassium supplementation was administered when it should have been withheld or
(b) supplementation was withheld when it should have been administered, occurred in 9.8%
(283/2886) of patients [22]. To help minimise such events, patients will now wear colour
coded wristbands to help staff to identify the group to which they have been allocated. In addi-
tion, in response to the critical need for all junior medical staff and all nursing staff to be aware
of the trial, and to understand its protocols, being identified, materials were developed to
remind staff about the study and treatment allocation groups. It also appeared that patients
can play a role in reminding staff of their trial allocation group, and we shall encourage this
engagement.

As an open label study, there is a hypothetical possibility of detection bias. Whilst the inves-
tigators believe this unlikely to occur in practice, independent validation of site-reported
events will enhance the rigour of the trial. There is also potential for sites to under-report
AFACS. Missing a period of AFACS at a site may not be that uncommon and does not neces-
sarily lead to bias, unless it is unbalanced between the two arms.

The findings will have important consequences for patients and clinicians, regardless of
whether or not potassium supplementation is found to be non-inferior for the prevention of
AF after cardiac surgery. Genuine equipoise appears to exist internationally. In European
institutions, 67% of caregivers practices have a protocol for maintaining high-normal serum
potassium levels after cardiac surgery, whilst one in three does not [19]. The practice of
maintaining high-normal serum potassium levels anecdotally appears less common in the
United States.

We anticipate that our findings will be of substantial clinical relevance: if effective, potas-
sium supplementation to a high target level could be implemented as a standard of care, and
peri-operative morbidity will be reduced. If of no benefit, then an unnecessary intervention
can be avoided with a potentially significant reduction in risks of administration and cost.

Supporting information

S1 File. SPIRIT 2013 checklist: Recommended items to address in a clinical trial protocol
and related documents.
(DOC)

S2 File. A List of recruiting sites for the Tight K Trial.
(DOCX)
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